Abstract. The paper presents division of the road networks into homogeneous heavy traffic sections by the use of the qualitative and quantitative methods. At first, the cluster analysis is used to determine the initial factors groups. Next, these groups are modified on the basis of professional knowledge (geographic/functional assignment) in order to determine the factors, using which they can be easily identified. This division is the basis for the determination of conversion factors to convert short-term measurement into AADT.
Introduction
Thanks to the National Road Construction Program for years 2011-2015, which was a continuation of the National Road Construction Program for years [2008] [2009] [2010] [2011] [2012] , from November 2007 to the end of 2013 in Poland was built 835 km of freeways and 955 km of expressways [1] . In addition, the National Road Construction Program for years 2014-2023 assumes the further development of the fast road network (increasing the density of freeways and expressways from 8.5 Km / 1000 km 2 down 22.7 Km / 1000 km 2 ). Rest areas are integral to fast road network system and perform critical role for road safety. For example, according to [2] , development of rest areas in California led to reduction in collisions for 3.7%. These areas provide suitable places for stops and rest (use a restroom, sleep, eat, use cellular phone, etc.) which is especially important for professional truck drivers. In Poland, like in other EU countries, professional drivers are subject to driving-time regulations which means that they have to stop after a specified by the law driving time. In situations where the rest areas are not properly distributed (too long distance between rest areas) or is not enough number of parking spaces, this will affect reduced security through not correctly parked trucks. Crucial for the calculation of the required number of parking spaces is Annual Average Daily Traffic (AADT) which represents the average number of vehicles (light or heavy) passing through a section of road in 24 consecutive hours over one year. The most commonly used method for determined AADT is an indicator method. In Poland, transposition of short-term measurement into AADT is based on 19 independent conversion factors (7 for weekdays and 12 for months). However, conversion factors are specified for the whole national rural road network, independently of cross-section and they are not suitable for freeways and expressways (as shown in [3] , average Mean Absolute Percentage Error for this road in 2010 increased over 30% compared to all roads in Poland). Furthermore conversion factors are specified only for all vehicles in cross-section, so there is no possibility for directly estimation of AADT for each of direction of movement and for heavy vehicles.
The aim of the article is to determine the new conversion factors suitable for freeways and expressways and for directional analysis in heavy vehicles groups. For this purpose, cluster analysis were used.
Database
The analysis was performed based on data from continuous measurement stations of four types (Golden River, RPP-5, PAT and Sick) located in different regions of Poland. The area of the issues considered was limited to rural freeway and expressway of cross-sections: single carriagewaymulti-lane (1x4 -two lanes for traffic in each direction) and dual carriageway -multi-lane (2x2 -two lanes for traffic in each direction). In total, data were gathered in years 2010 -2015 from 30 measuring sections constituting about 10 million hours of traffic volume measurement. The need for analysis date has been aggregated to daily number of heavy vehicles for each direction respectively. A complement of the above mentioned database was information about the environment in the zones of measuring cross-sections, which provided the data on traffic volumes such as their location (region of Poland) and the interaction of neighboring cities (provincial cities or those with a population exceeding 200.000). Figure 1 shows the locations of the automatic traffic recorder stations (ATRs) on all roads in Poland. 
Methodology for Determining AADT
For data from short-term measurements, the AADT is estimated using the indicator method (formula 1). In the case of measurements from less than 24 hours, the national Polish guidelines do not provide conversion factors or typical daily traffic patterns (in the US, conversion factors of each hour are provided by the DOT in each state). There is only the estimated size of the percentage share of rush hour in daily volume (8 -11%).
(1) where:
VOL d -daily traffic of the day of the week i [Veh/24h], i = 365 -in a leap year, the denominator is 366, W i -day-of-week factor is the ratio of weekday (e.g. Monday) average daily volume to the AADT, W j -monthly factor is the ratio of monthly (e.g. January) average daily traffic to the AADT.
The Division of the Territory of Poland into Homogenous Groups in Terms of Traffic
In order to make a division of the territory of Poland into homogenous groups in terms of traffic, the procedure was used based on a thorough use of quantitative methods and qualitative methods. In the first place, basing on the shape of the profiles of variation (cluster analysis), groups of indicators were established and, subsequently, based on expert knowledge (geographic and functional classification), the factors using which they can be easily identified were determined. The validity of this approach is confirmed by the current, studies described in [4, 5, 6, 7] .
Cluster Analysis
The basic idea of cluster analysis is to separate objects into a certain number of groups in such a way as to ensure that the degree of relationship of objects with the objects belonging to the same group was the largest, and with objects from other groups the least possible. Clustering analysis is not a statistical test, but rather a collection of different algorithms that group objects in cluster (detecting structures in data without explaining why they occur).
At work in the first stage of analysis, the agglomeration algorithm was used, where in the formation of cluster, the method of single-linkage clustering (nearest neighbor) was used and as a measure of divergence -a city distance (Manhattan, City Block). The result of the agglomeration is a hierarchical tree, on the basis of which a hypothesis is formed about the number of clusters.
In the second stage of the analysis, the k-means clustering algorithm was used, whereas the initial cluster centres, the observations were selected to maximize the distance of clusters. In this way, k clusters were created, which differed from each other in the largest degree (the number of clusters in accordance with a tree diagram). Figure 2 show the average of each cluster and Table 1 (for example, for weekly variation) elements of each cluster with the distance from the center of the proper cluster. 
Functional/Geographic Classification
The division of the road network on grounds of functional and geographic classification was made on the basis of division obtained by cluster analysis, whereas in the first place, a preliminary division based on the location of sections belonging to the cluster (volume profile) was made, and then small corrections were made to identify factors for which they could be easily identified. In case of heavy vehicles, because of the similarity seasonal variability (in the mounts III -X coefficient of traffic variation below 5%) it was decided to combine cluster 1 and 2 into one group. In the last stage, the functional/geographic characteristics were assigned to them, such as spatial relationship and interaction of buildings/areas causing traffic increase. Finally, the road network (freeways and expressways) was divided into homogeneous heavy traffic sections, as shown below (Figure 3) , and representative relative traffic volume variation profiles were determined for them (average values for a given cluster). Table 2 and 3 shows the descriptive statistics for particular traffic volume variation profiles. 
Summary
The need for taking up this topic stems from a lack in the Polish guidelines conversion factors allowing for the execution of simplified conversion of daily heavy traffic volumes into AADT. Use for this purpose available conversion factors, which are specified for all vehicles, is exposed to a high risk of error associated with the variation of fluctuations in traffic volume for different type of vehicles. In addition, available indicators are not suitable for directional analysis on freeway and expressway. The paper presents a new approach to the division of the road network into homogeneous heavy traffic sections, using cluster analysis and functional / geographic classification. For such homogeneous sections, it was possible to determine the reliable representative traffic volume variation profiles (seasonal and weekly). Thanks to them it's possible to estimate for heavy vehicle AADT with high accuracy (average MAPE, depending on the measurement period, even below 5% - Table 4 ). Increased the quality and reliability of determining AADT translates into better quality of road solutions and, consequently, for road safety. It was also shown that the used tools are useful in the analysis of traffic data and may be applied in future studies thanks to the successive increase in available traffic data. Can also be used by road administration for the new definition of conversion factors. Table 4 . Accuracy of estimates of AADT using factor approach (conversion factors from 
